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The object of this thesis is to design, build, test,
and develop, a hydraulic scale suitable for measuring dyn-
amometer and other forces, and to determine the suitability
of the scale for use in the Mechanical Engineering Laboratory
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1The weighing of the force at the end of a dynamometer
torque arm is a very important consideration in determining
the horsepower of an engine. 'vVhen all other factors, such
as bearings, generator efficiency curves, torque arm length,
etc., are at their optimum, the most decisive factor in de-
termining the horsepower of an engine is the accuracy to
which the torque arm force can be measured.
The conventional methods now used consist of the ord-
inary beam type platform scale with sliding weights or with
a springless type dial scale. Both methods give good results.
The beam type scale is somewhat inconvenient to use and
with considerable fluctuation in load, it is rather difficult
to balance and obtain an accurate reading.
The springless type dial scale is very good but is an
expensive item of equipment and may be damaged by continuous
vibration and fluctuation of loads.
The object of this investigation is to design, build,
test, and develop, a hydraulic type scale primarily to be
used for measuring dynamometer forces.
The scale however is not limited to use on dynamometers,
but may be used for other types of force measurements such
as the continuous weighing of material on a conveyor belt in
conjunction with a recording pressure gage. The scale has
numerous applications in determining forces wher-e conven-
tional scales are now used.
This particular subject was chosen because of the need
for a convenient, inexpensive, and accurate scale for use in
2measuring the ~orce exerted by an electric dynamometer in the




3An examination of tI1e literature availablE) on the sub-
ject of a hydraulic scale for use 011 a dynamometer, reveals
that several institutions and corporations have developed
similar instruments in recent years.
The Sloan Laboratory of the Massachusetts Institute of
Technology has developed a hydraulic scale for measuring
dynamometer forces. This device utilizes a hydraulic system,
the pressure of which is measured with a manometer. (1)
(1) Laboratory E~11pment for Testing and Research Work on
Diesel Engines. Bulletin No.6, January 3, 1949, 3p
The Link Engineering Co. of Detroit, Michigan, developed
a torque measuring device called the "Link Uni-Beam" which
was designed specifically for measurement of torque. This
instrument operates on the principle of the torque arm de-
fleeting a pneumatic diaphragm. The torque arm, in deflect-
inG the diaphragm simultaneously operates a needle valve
which lets air balance the force exerted on the diaphragm.
The air pressure is read on a manometer which may be calib-
rated in foot pounds or fractions thereof. (2)
(2) Link Engineering Co., Detroit, Michigan, Link Products,
Instrumentation and Supplies for the Automotive and
Aircraft Industry. Advertising Circular.
A twin pneumatic diaphragm mechanism was devised b·,. the
Hagan Corporation for the purpose of measuring torque on an
electric dynamometer. This device utilizes two opposing
diaphragms to measure either motoring or generator torque by
balancing the force on the diaphragm with air pressure and
reading this pressure on a manometer. The trade name for
4this product is ltThrusTorq", and it is currently finding
use in testing standard horizontal engines as well as jet
engines.(3)
(3) Hagan Corporation, Hagan Building, Pittsburgh, Pa.
Bulletin 9345.
The above devices are claimed to have overall accuracies





The design of a hydraulic scale for the purpose of
measuring dynamometer forces required first a decision as
to the principle of operation.
The principle of operation decided upon here may best
be described by referring to the schematic diagram, (Fig. 1)
Oil is drawn from the sump by the pump, and forced into
the fixed piston where it actuates a movable cylinder which
rises and opposes the force exerted by the dynamometer.
The pressure rises in the system until the ports in the
cylinder open sufficiently to discharge the oil supplied by
the pump.
The total force exerted upward by the cylinder will be
the area of the piston multiplied by the applied pressure.
The upward force opposes the dynamometer load plus the weight
of the cylinder, connecting rod, reversing liru{age, and any
other unbalanced weights.
The pressure in bhe cylinder is measured by a mercury
manometer which can be caliprated in foot-pounds, incli.es of
mercury or other desirable units.
After deciding upon the principle of operation, the
drawings for each part of the de sign, (Drai.'dng No t s 1 thru
23 incl.), were prepared.
The base was made of cast iron 1" thick with a i" hole
drilled through 1'01' connection with the pump outlet and
manometer tube. This hole also laads to the rixed piston
in the center of the base. A drainage hole is provided in




















SCHEMATIC DIAGRAM OF HYDRAULIC SCALE
AND COMPONENTS
7of the scale, for the installation of a pump by-pass.
The piston, (Drawing No.3), was made of cast iron.
A circular radius was used to permit angular freedom or
movement of t~e cylinder and connecting rod without dis-
turbing the effective area or the piston.
A simple method ror generating radii or a sphere in
a lathe, without the use of a template, was devised by
Professor F. J. Cizek.(4)
(4) F. J. Cizek, Chart for use in the Machining o~ Radii,
_____ Missouri School of Mines, Rolla, Missouri
The nomograph required is shown in Fig. 2. A piece to
be ~ormed, is centered in the lathe and turned to the desired
diameter. Circu~erential lines are then scribed on the
piece with uniform small distances between lines. The dis-
tance o~ each line from the free end of the piece is repre-
sented by X on the nomograph.
A point on each of these circumferential lines is a
point on a tangential line to the final surface to be formed.
The cutting tool is set at an angle 0( for each circum-
ferential line. The angle 0( is determined on the nomograph
by a straight edge connecting the radius of curvature value
on the right side and the X distance of the circumferential
line from the free end of the piece. The angle being re~d on
the slanting line.
For each setting of the tool, all the material possible
is removed. This process cuts a series of tangents to the
final spherical surface desired. The smaller the spacing




~ CHA T FOR. USE I~ THE M i-ll
RADii
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4
9final generated surface be a true sphere. This method is
accurate to within a few thousandths 'of an inch.
The final size of the piston was determined by use of
a micrometer and the cylinder was made one thousandth of an
inch larger in inside diameter giving one-half thousandth
clearance on each side.
The piston and cylinder were then hand lapped with very
fine compound to insure a free fit.
The sump, (Drawing No.7), was made of 4" stainless
steel tUbing having a til wall thickness.
The reversing linkage was added for the purpose of giv-
ing a uni-directional force on the cylinder regardless of the
direction of the applied dynamometer force. The reversing
link8ge transfers the load from one member to the other by
means of hardened knife edges.
A war surplus aircraft gasoline fuel transfer pump and
a one-tenth horsepower DC Delco Motor were chosen for supply-
ing the oil pressure.
The location of the pump and motor is optional with the
user. The pump mounting as shown in Fig (3) is removable
for those installations having lower torque arms. The least
torque arm height required is IS! inches while the height as
shown in Fig (4) requires a torque arm at a height of 20i in.
The pump connections to the sump and base are made of in
copper tUbing with the proper flange adapters to fit in pipe
threads.
A synthetic hose is connected to the scale base and the
Fig. :3







Front view or hydraulic scale showing
location or component parts.
12
manometer by short lengths of ttl copper tubing, the hose
being clamped over the tubes.
A simple beam was used as a calibrating device with the
hydraulic scale torque arm connector serving as one of the
supports while the other consisted of two ball bearings
mounted as shown in Fig (5). The weights were ap)lied at
known distances from one end of the calibrating lever thus
giving the loading at the supports by summing moments about
the bearing end of the lever.
A 40" manometer was chosen and a maximum load of one
hundred pounds was assumed ror the force acting on the scale.
A reading of 40 inches of mercury with a force of one
hundred pounds on the scale would then require a piston
diameter of 2.5511 inches.
With the scale and piston size as chosen, it requires
a force of two and one half pounds on the scale to give a
reading of one inch of mercury. F/R equals 2.5 Ibhin hg (1)
Using the formula for horsepower:
hp: 2 pi F R N/12 x 33000
where F = load (lbs)
R • Torque arm length (in)
N • Engine rpm
a convenient overall constant for the scale and dynamometer
can be obtained.
By converting F in formula (2) to inches of mercury the
formula would read
hp • 2 pi R N HI 12 x 33000 x 2.5
By introducing a constant Z equal to 12 x 33000 x 2.5
2 pi R
Fig. 5




tbe formula for :r~orsepower would then be
hp = N H
z-
Convenient va1uos of the constant Z may be found by
properl-y cbooslnG the torque arm length R.








6000 26.2605 "7000 22.5090 II
8000 19.6953 If





A mixture of 50% kerosene and 50% SAE 20 weight oil was
first tested, and it was found that erratic readings occurred.
This was apparently caused by the pumping of too large a
quantity of oil which created considerable turbulence. The
turbulence caused an accumulation of air both in the mano-
meter hose and in the pump which made the readings very
erratic.
No smaller pump being available, it was decided to in-
stall a by-pass, diverting the flow from the pump through
the piston as before and also through a valve into the sump
by way of the drainage hole, and in this manner ha.ve control
of the amount of oil pumped.
The data obtalned from the second test is sho'W!l in
Table (II). The percent error is too large, being in most
case s above 2}~. Air bubble s were sti.ll being created and
the manometer readings were erratic although somewhat more
stable than in the previous test.
It was noticed that a considerable amount of vapor was
being formed over the oil due to the high temperature of
operation, (approximately 1350 F), this led to the decision
that the bubbles in the line and pump were being created by
the vaporization of the kerosene.
The next test was made with SAE 20 weight oil in the
system without kerosene. The results are tabulated in
Table (III). The oil temperature remained at l350 F but the
creation of bubbles was considerably reduced. The manometer
readings were steady and the percent error was reduced to
TABLE II
SECOND rEST, HYDHAULIC SCALE
Scale Manometer Actual
Load Reading Pressure Error
Ibs in Hg in Hg of/0
5 1.8 1.95 -7.68
6 2.25 2.35 -4.26
8.0 7 3.1 3.15 -1.59
10 3.85 3.90 -1.28
12.07 4.7 4.72 0.424
15 5.75 5.86 1.88
17.93 6.95 7.01 0.855
20 8.35 7.82 6.80
25 9.5 9.77 -2.7EJ
30 11.3 11.72 -3.58
35 13.2 13.67 -3.44
37 14 <) 14.46 -1.80
-. '"
40 15.2 15.63 -2.75
45 17.3 17.58 -1.59
50 18.8 19.50 -1.54
55 20.5 21.49 -4.65
60 22.8 23.45 -2.34
66.6 24.5 26.03 -2.03
70 2 .5 27.35 -2.74
75 28.5 29.31 -2.71
80 30.4 31.26 -2.75
Oil Temperature 1350F




THIRD TEST, IfYDRAULIC SCALE
Scale Manometer Actual
Load Reading Pressure %
lbs in Hg in Hg Error
5.00 1.95 1.95 O.OOu
6.03 2.38 2.36 0.840
8.07 3.15 3.15 0.000
10.00 3.90 3.90 0.000
12.07 4.69 4 ,..,n -0.637• , c
15.0J 5.'33 5.'3,(-) -0.512
18.0:) '7.00 7.04 -0.569
20.00 '7.80 '7 <:en -0.256.0t:J
25.00 9.76 3.77 -0.102
30.00 11.7(; 11.72 -0.170
35.00 13.50 13.07 -1.24G
37.00 l e1. 30 14.43 -1.11J
40.00 15.59 15.63 -0.256
45.00 17.59 17.58 0.569
50.00 19.60 1';3.50 0.513
55.00 21.20 21.49 -1.350
G,u.OO 23.35 23.45 -0.427
65.00 25.00 25.41 -1.611
70.00 26.80 27.35 -2.000
75.00 28.60 29.31 -2.420
80.00 30.70 31.26 -1.790
Oil Temperature 135°F
Scale fluid 100~£ SAb; 20 wt. oil
%Error =Indicated value - Correct value x 100
Correct Value
18
below 1% throughout most of the range, which is considered
satisfactory for most dynamometer tests.
There is no a~parent continuity in the deviation from
correct readings as shown by Fig (5). This is no doubt due
to the errors being caused by an accumulation of air in the
pump and erratic behavior may be expected. The tests were
run for nearly three hours at each time and all loadings
were checked several times, the results being consistent
whether the loading was approached from a lower load or
from a higher.
The instrument calibration curve is included, (Fig 6),
and is a straight line throughout the load range of the
instrument, as was to be expected.
For optimum results using the hydraulic scale as de-
signed, and with tl:e present motor and pump, t::le unit
should be allowed to reach operating temperature by running
for 30 minutes before starting a test run. The manometer
zero or no-load setting is made by adjusting the by-pass
valve with the pump running and no torque on the dynamometer
shaft. This eliminates any "tare" indication and gives a
"net" scale reading on the manometer. It is important to
recheck this zero setting at frequent intervals, to preclude
the chance of the linkage binding or for a change in oil
temperature.
The manometer readings should be made approximately
twenty seconds after the load is a}plied in order to let the
cylinder come to equilibrium. This is an advantage as it
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The hydraulic scale herein designed Can be constructed
at a nominal cost, is simple in design and has a high de-
gree of accuracy when properly used.
The scale should prove useful for use in measuring
engine dynamometer forces, particularly in those laborator-
ies where students are learning the procedure for engine
testing.
In addition to the simplicity of opera.tion, it has the
advantage that the manometer may be placed anywhere in the
laboratory, allowing more room about the dynamometer
installation.
The results attained with this scale, although around
1% in error, could be improved further by using a pump
having a capacity on the order of eight or ten gallons per
hour. This would cause less turbulence and also the by-
pass used on the present pump could be eliminated, result-
ing in less frequent checks of the manometer zero setting.
If properly used, the results attained will be as
accurate as those of conventional scales and the convenient
location of the equipment combined with the ease of computing
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